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1. Introdução
$WpFQLFDGHHVSHFWURVFRSLDIRWRDF~VWLFD3$6pEDVHDGDQRHIHLWRIRWRDF~VWLFRTXHRFRUUHTXDQGRXPD
DPRVWUDDEVRUYHDOX]PRGXODGDHDFRQYHUWHHPFDORU(VWHFDORUDTXHFHRJiVQDVXSHUItFLHGDDPRVWUDJHUDQGR
XPDRQGDGHSUHVVmRGHWHFWDGDSRUXPPLFURIRQHGHQWURGDFkPDUDIRWRDF~VWLFD526(1&:$,*$HWDO
0(/2:/%HWDO/(,7(1)HWDO
'HQWUHRVSURFHVVRVGHSROLPHUL]DomRDIRWRSROLPHUL]DomRSRGHVHUFRQWURODGDFRPSUHFLVmRTXDQGRD
JHUDomRGHUDGLFDLVHVWLYHUVREFRQWUROHGDLQWHQVLGDGHGDOX]/X]GHFXUWRFRPSULPHQWRGHRQGDSRGHLQLFLDUD
SROLPHUL]DomRGLUHWDPHQWHPDVFRVWXPHLUDPHQWHVHXVDXPLQLFLDGRUIRWRTXtPLFRTXHVHGHFRPS}HHPUDGLFDLV
OLYUHV%,//0(<(5-81,25):58%%,(HWDO1HVWHWUDEDOKRXVDVHDWpFQLFDIRWRDF~VWLFD
3$SDUDPRQLWRUDUDFLQpWLFDGHUHDomRGHTXDWURUHVLQDVIRWRSROLPHUL]iYHLVFRPHUFLDLVXVDGDVHPWUDWDPHQWRV
GHQWiULRV3UHWHQGHVHGHWHUPLQDURVGLIHUHQWHVWHPSRVGHFXUDVRELOXPLQDomRHDPDQHLUDGHFRPRHVWDVUHVLQDV
UHVSRQGHPGXUDQWHRSURFHVVR
2. Materiais e Métodos
$V UHVLQDV XVDGDVQHVWH WUDEDOKR IRUDP L UHVLQD$S+'HQWVSO\ FRPSRVWD SRU %LV*0$ELVIHQRO
JOLFLOGLPHWDFULODWRXUHWDQRPRGL¿FDGRERURVLOLFDWRGHDOXPtQLRHEiULRVLODQL]DGRVVtOLFDSLUROtWLFDVLODQL]DGD
FDQIRURTXLQRQDQPHWLOGLHWDQRODPLQDKLGUR[LWROXHQREXWLODWRFRUDQWHVPLQHUDLVLLUHVLQD=0FRPSRVWD
SRU%LV*0$7(*0$WULHWLOHQRJOLFROGLPHWDFULODWRH=LUF{QLD6tOLFD7DPDQKRGHSDUWtFXODVPLFU{PH-
WURVFDUJDGH=LUF{QLD6tOLFDUHSUHVHQWDHPYROXPHLLLUHVLQD)LOO0DJLF9LJRGHQWFRPSRVWDSRU%LV*0$
%LV6(0$7(*0$VtOLFDSLURJrQLFDVLODQL]DGDVLOLFDWRGHEiULRHDOXPtQLR3DUWtFXODV¿QDVFRPWDPDQKRPpGLR
GHPLFU{PHWURVUHSUHVHQWDHPSHVRLYUHVLQD&KDULVPD.XO]HUFRPSRVWDSRULVRSURSLOLGHQRELV>
KLGUR[LIHQR[LSURSLOPHWDFULODWR@GLR[DRFWDPHWLOHQGLPHWDFULODWRYLGURGHVLOLFDWRGHEiULRHDOXPt-
QLR+PGLy[LGRGHVLOtFLR+PVLODQL]DGRFRPPHWDFULORLOR[LSURSLOWULPHWR[LVLODQRFRQWpP
HPYROXPHGHFDUJDLQRUJkQLFD
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8VRXVHRHVSHFWU{PHWUR3$GR/DERUDWyULRGH)RWRWpUPLFDGD(PEUDSD,QVWUXPHQWDomR/DE)(,SDUD
DVPHGLo}HV$)LJXUD$PRVWUDXPHVERoRGRHVSHFWU{PHWUR3$FRQVWLWXtGRGHIRQWHGHOX];HQ{QLRGH
:25,(/PRQRFURPDGRUGHP25,(/REWXUDGRUPRGXODGRUPHFkQLFRRXchopper25,(/OHQWHVH
HVSHOKRDPSOL¿FDGRULock-in566WDQIRUG5HVHDUFKFRPSXWDGRUFRPSDWtYHO ,%0FRPXPSURJUDPDGH
FRQWUROHHGHDTXLVLomRGHGDGRVGHVHQYROYLGRQR/DE)(,DFkPDUDIRWRDF~VWLFDYHU)LJXUD%$VFRQGLo}HVGH
PHGLomRIRUDPIHQGDVGRPRQRFURPDGRUGHPPIUHTXrQFLDGHPRGXODomRGDOX]GH+]HVSHVVXUDGDDPRVWUD
GHPPFRQVWDQWHGHWHPSRGRlock-inHPPVFRQVWDQWHGHWHPSRGRSURJUDPDGHDTXLVLomRGHGDGRVHP
PVFRPSULPHQWRVGHRQGDGHOX]GHDQP$SyVDSULPHLUDPHGLomRXPDRXWUDHUDORJRUHDOL]DGD
SDUDGDUPHOKRUYLVLELOLGDGHDRSURFHVVR
                                                 
 $ %
)LJXUD$(VTXHPDHPEORFRGRHVSHFWU{PHWURIRWRWpUPLFRGD(PEUDSD,QVWUXPHQWDomR)RQWHGHOX]
REWXUDGRUPRQRFURPDGRUPRGXODGRUPHFkQLFRGHOX]RXchopper OHQWHVHHVSHOKRFkPDUD3$DPSOL¿FDGRU
Lock-inFRPSXWDGRU%'HWDOKHGDFkPDUD3$)HL[HGH/X]-DQHODWUDQVSDUHQWHGHYLGUR%.
&RUSRGDFkPDUDIHLWDHPDOXPtQLR9iOYXODGHGHVFRPSUHVVmR$PRVWUD6XSRUWHGHDPRVWUD$U
'XWRGHDU0LFURIRQH&RQHFWRUHV%1&SDUDDOLPHQWDomRHVDtGDGRVLQDOHOpWULFR¿RVHOpWULFRV
DORMDPHQWRGRPLFURIRQH
3. Resultados e Discussão
3.1. Modelo para cinética de reação fotoacústica de resinas fotopolimerizáveis
1RPpWRGR3$GHVHQYROYLGRSDUDHVWDFLQpWLFDGHUHDomRFRQVLGHURXVHGRLVIHQ{PHQRVRFRUUHQGRHP
PRPHQWRVGLVWLQWRVDRLOXPLQDUDDPRVWUDTXHRVLQDO3$GHFDLXDXPYDORUPtQLPR&KDPRXVHDHVWHHIHLWR
GHWHPSRGHJHUDomRWRQGHDHQHUJLDOXPLQRVDpXVDGDSDUDDIRUPDomRGHUDGLFDLVDSyVHVWHVLQDO3$PtQL-PRVHUDWLQJLGRHVWHWRUQDDFUHVFHUWHQGHQGRDHVWDELOL]DomRLVWRGHQRPLQRXVHGHRWHPSRGHHVWDELOL]DomRWRQGHRVQRYRVFRPSRVWRVIRUPDGRVDEVRUYHPHQHUJLDGDOX]HDFRQYHUWHHPFDORUFRQWULEXLQGRSDUDRVLQDO3$
'HDFRUGRFRPDWHRULDIRWRDF~VWLFDSDUDVyOLGRV526(1&:$,*$HWDOXPDVXEVWkQFLDRSDFDSRUpP
WHUPLFDPHQWHHVSHVVDRVLQDO3$GHSHQGHUiGLUHWDPHQWHGRFRH¿FLHQWHGHDEVRUomRGHOX]`HGRFRPSULPHQWR
GHGLIXVmRWpUPLFDGDDPRVWUD+&RQVLGHUDQGRTXH+VHMDFRQVWDQWHMiTXHDIUHTXrQFLDGHPRGXODomRpFRQV-
WDQWHHTXHDGLIXVLYLGDGHQmRYDULHVLJQL¿FDWLYDPHQWHHQWmRDYDULDomRGRVLQDO3$QRWHPSRGHSHQGHUiGH`W
1RPRPHQWRRFRH¿FLHQWHGHDEVRUomR`GHSHQGHGDFRQFHQWUDomRGRFRPSRQHQWHIRWRUHDWLYRRXLQLFLDGRUIRWRTXtPLFRHQWmRWHPVHTXH
  
7DPEpPRVLQDO3$pVHQVtYHODHVWHGHFDLPHQWR1RPRPHQWRDFRQFHQWUDomRGRQRYRFRPSRVWRIRU-
PDGRGHSHQGHGDSUREDELOLGDGHGDIRUPDomRGDOLJDomRTXtPLFDORJRDTXDQWLGDGHGHQRYDVPROpFXODVIRUPDGDV
pGDGDSRU
  

2FRH¿FLHQWHGHDEVRUomR`WGHVWDDPRVWUDFUHVFHHRVLQDO3$DFRPSDQKDHVVHFUHVFLPHQWR3RUWDQWR`WVHUiGDGRSRU
  
'HVWDIRUPDWHPVHTXHDDPSOLWXGHGRVLQDOIRWRDF~VWLFRVHUiSURSRUFLRQDOD
  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1HVWHPRGHORQmRVHOHYRXHPFRQVLGHUDomRDHQHUJLDH[RWpUPLFDTXHSRGHRFRUUHUGXUDQWHRSURFHVVRGH
SROLPHUL]DomR(VWDFRQWULEXLomRSRGHUiLQÀXHQFLDUQRVLQDO3$MiTXHRFRUUHFRPRIXQomRGRWHPSRGHIRUPDomR
GRFRPSyVLWR
3.2. Aplicação do modelo aos dados experimentais
$MXVWDQGR D HTXDomR  DRV GDGRV H[SHULPHQWDLV IRUDP HQFRQWUDGRV RV WHPSRV SDUFLDLV W e t FRPRFRQVWDQWHVGHWHPSRVGDVUHDo}HV2VUHVXOWDGRVGRVDMXVWHVHVWmRQDVOHJHQGDVLQWHUQDVjV)LJXUDV$D'$V
FXUYDVH[SHULPHQWDLVIRUDPQRUPDOL]DGDVSHORVSHVRVGHFDGDDPRVWUDFRPD¿QDOLGDGHGHFRPSHQVDUGLIHUHQoDV
GHYROXPHV$)LJXUD$PRVWUDDFXUYDGHFLQpWLFD3$REWLGDGDUHVLQD$S+$VFLQpWLFDV3$HPQPHQP
GHUDPRVPHVPRVFRPSRUWDPHQWRV$VFRQVWDQWHVGH WHPSRIRUDPSUDWLFDPHQWHDVPHVPDV$VRPDGDVGXDV
FRQVWDQWHVGHWHPSRW e tUHVXOWDQRYDORUHPWRUQRGHVTXHFRLQFLGHFRPRGDGRGRIDEULFDQWH$)LJXUD%PRVWUDDFXUYDSDUDDUHVLQD=6HXFRPSRUWDPHQWRpPDLVSURQXQFLDGRGRTXHDDQWHULRULQGLFDQGRXPD
H¿FLrQFLDPDLRUQDXWLOL]DomRGDHQHUJLDOXPLQRVD2EWHYHVHFXUYDVVHPHOKDQWHVFRPLOXPLQDomRHPH
QP$VRPDGHWHWpFHUFDGHVHJXQGRVHQTXDQWRRIDEULFDQWHLQIRUPDRWHPSRGHFXUDGHVHJXQGRV$
)LJXUD&PRVWUDDFLQpWLFD3$GDDPRVWUD)LOO0DJLFREWLGRQRFRPSULPHQWRGHRQGDGHQP2EVHUYRXVH
SHUWXUEDo}HVQRVLQDO3$RFRUULGDVQDVPHGLo}HVHPQPHGLPLQXtDPFRPRSDVVDUGRWHPSR$FUHGLWDVHTXH
HVWDVSHUWXUEDo}HVVHMDPFDXVDGDVSRUJHUDomRJDVRVDHOLEHUDGDQRLQWHULRUGDFkPDUD3$DSyVDOJXQVVHJXQGRVGR
LQtFLRGRSURFHVVRGHFXUD$VRPDGHW e tREWLGRVHPWRGRVRVDMXVWHVGHVWHSURGXWRHVWiHQWUHDVHJXQGRVWDQWRHPQPFRPRQP2WHPSRLQIRUPDGRSHORIDEULFDQWHpGHVHJXQGRVSDUDXPDHVSHVVXUDGHD
PP$)LJXUD'PRVWUDXPDFXUYDGHFLQpWLFDGHUHDomRIRWRDF~VWLFDSDUDDUHVLQD&KDULVPDGH.XO]HURULJHP
$OHPm(VWDFXUYDIRLREWLGDHPQP2XWUDVFXUYDVGHFLQpWLFDSDUDDPRVWUDVLOXPLQDGDVHPHQP
DSUHVHQWDUDPFRPSRUWDPHQWRVVLPLODUHV3RGHVHREVHUYDUTXHHVWDFXUYDDSUHVHQWDXPYDOHSURQXQFLDGRSUy[LPR
GHVHJXQGRVFRPRQDPDLRULDGDVUHVLQDVLVWRFDUDFWHUL]DQGRXPDH¿FLrQFLDQRXVRGDOX]SDUDSROLPHUL]DomR
A soma de t com t¿FRXHPWRUQRGHVHJXQGRVRTXDOpRYDORUDSUHVHQWDGRSHORIDEULFDQWH
 $ %
 & '
)LJXUD$$PSOLWXGH3$GDUHVLQD$S+HPQP/LQKDFRQWtQXDpRPHOKRUDMXVWH%$PSOLWXGH
3$GDUHVLQD=HPQP/LQKDFRQWtQXDpRPHOKRUDMXVWH&$PSOLWXGH3$GDUHVLQD)LOO0DJLFHP
QP/LQKDFRQWtQXDpRPHOKRUDMXVWH'$PSOLWXGH3$GDUHVLQD&KDULVPDHPQP/LQKDFRQWtQXDpR
PHOKRUDMXVWH
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4. Conclusões
$V DPRVWUDVPRVWUDUDP FRPSRUWDPHQWRV GLIHUHQFLDGRV QR WHPSR H QD H¿FLrQFLD GH SROLPHUL]DomR$
EDL[DSRWrQFLDOXPLQRVDLQÀXHQFLDVLJQL¿FDWLYDPHQWHQHVWHSURFHVVRSRLVREVHUYRXVHTXHVHPSUHKDYLDUHVWR
GHPDWHULDOQmRSROLPHUL]DGDHPYROWDGDSDVWLOKDHQGXUHFLGDDSyVDFXUDLQGLFDQGRTXHDSROLPHUL]DomRRFRUULD
GHGHQWURSDUDIRUD'HVHQYROYHVHXPPRGHORWHyULFRIRWRDF~VWLFRVLPSOHVSDUDH[SOLFDUHGHWHUPLQDURVWHPSRV
HQYROYLGRVQRSURFHVVRGHFXUD$VVRPDVGDVFRQVWDQWHVGHWHPSRGHUDPDSUR[LPDGDPHQWHRVPHVPRVWHPSRV
LQGLFDGRVSHORVIDEULFDQWHV$FUHGLWDVHTXHGHYLGRjVGLIHUHQoDVHQWUHSRQWRGHPtQLPRHRQtYHOGHHVWDELOL]D-
omRGDVFXUYDVSDUDDVUHVLQDV$S+H&KDULVPDVHUHPPHQRUHVHPUHODomRDVGHPDLVHVWHVSURGXWRVJHUDPFDORU
GXUDQWHDFXUD(QTXDQWRDUHVLQD)LOO0DJLFJHURXSHUWXUEDo}HVQRVLQDO3$VHQGRDWULEXtGRjJHUDomRJDVRVD
OLEHUDGDGHQWURGDFkPDUD3$
$VVLPIRLGHPRQVWUDGRTXHDWpFQLFDIRWRDF~VWLFDSRVVLELOLWDDPRQLWRUDomRGRSURFHVVRGHSROLPHUL]D-
omRHPPDWHULDLVIRWRVVHQVtYHLV
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